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Summary
Background: Open grade III fractures of femur are a challenging therapeutic problem as most
of them are associated with multiple trauma. Method used for skeletal stabilization of these
fractures should limit further soft tissue damage, bacterial spread and morbidity in addition to
its ease of application, providing mechanical support and restoring normal alignment.
Methods: Forty-six patients with open grade III fractures of femoral shaft were included in the
study. There were 10 grade IIIA, 34 grade IIIB and two grade IIIC fractures that were treated
with early reamed intramedullary nailing with adequate management of soft tissue. Patients
were reviewed retrospectively.
Results: Mean time of union was 27weeks. Infection rate was 4% and non-union rate was 9%.
There were two cases (4%) with limb shortening. No case of angular or rotational deformity was
noted.
Conclusion: Early reamed intramedullary nailing for open grade III fractures of femoral shaft,
after giving due respect to the soft tissue injury, gives satisfactory results with proper alignment,
good range of motion, short rehabilitation period and low infection rate.
Level of evidence: Level IV. Retrospective therapeutic study.
© 2011 Elsevier Masson SAS. All rights reserved.
antroductionpen fractures are always a therapeutic challenge to the
rthopaedic surgeons. Open fractures of the femur are usu-
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oi:10.1016/j.otsr.2011.02.012lly the result of high-energy trauma and therefore tend
o be seen in patients with multiple injuries. Hence, the
anagement of these serious injuries should follow the
uidelines of the Advanced Trauma Life Support System [1].
arly stabilisation of fracture is of paramount importance.
t restores alignment of the limb, eliminates gross move-
ent at the site of the fracture, limits further soft tissue
amage and decreases the risk of further bacterial spread
2].
served.
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Although intramedullary nailing is currently considered
to be the optimum method of treating closed femoral shaft
fractures, less consensus has been reached as to the best
means of stabilisation of open fractures of femoral shaft.
Open grade III injuries are particularly problematic owing
to high rate of infection, amputation and difﬁculties in the
management of soft tissue [3]. External ﬁxation and delayed
nailing using an unreamed nail have been advocated for open
grade III femoral fractures [4—8].
External ﬁxators are associated with high incidence of
complications like pin tract infections, malunion, late angu-
lar deformities, long recovery period, more incidences of
reoperation and poor patient compliance [4,5,9].
The present study has been undertaken to evaluate the
results of early reamed intramedullary nailing in manage-
ment of open grade III fractures of femoral shaft and to
identify factors inﬂuencing ﬁnal results with this treatment
option.
Patients and methods
A consecutive series of 46 patients with open grade III frac-
tures of femoral shaft were included in the study that were
treated by early reamed intramedullary nailing from Jan-
uary2002 to January2008. All patients were operated within
12 hours of injury. All the patients were reviewed retrospec-
tively. Informed consent was taken from patients willing to
be a part of study. Their old records available in the form of
admission notes, operative notes and progress notes were
reviewed.
The study included only open grade III fractures (as classi-
ﬁed by Gustilo and Anderson) [2] of femoral shaft extending
from below the lesser trochanter to about 10 cm proximal to
the knee joint, in skeletally mature patients (age > 16 years)
which were operated within 12 hours of injury. There were
10 (22%) grade IIIA, 34 (74%) grade IIIB and two (4%) grade
IIIC fractures.
The patients operated after more than 12 hours of the
injury, skeletally immature patients (age < 16 years), patho-
logical fractures, fractures of the diaphysis which extended
into the articular surface or fractures too distal or proximal
in the diaphysis not suitable for intramedullary nailing were
excluded from the study.
Fractures were also classiﬁed depending on the fracture
communition as described by Winquist et al. [10]. There
were seven (15%) type 1, 13 (28%) type 2, 18 (39%) type
3 and eight (17%) type 4 fractures.
All the patients that presented to our casualty depart-
ment were thoroughly evaluated for any life-threatening
injury at time of admission and the general condition of the
patients was assessed. After initial resuscitation, wounds
were meticulously inspected. Soft tissue injuries were clas-
siﬁed according to Gustilo and Anderson classiﬁcation [2].
Tetanus prophylaxis was given and broad spectrum antibi-
otics were started as soon as the patient presented in
casualty. Antibiotic coverage included intravenous cefurox-
ime along with gentamycin and metronidazole. Plastic
surgery consultation was taken regarding the management
of soft tissue. Open fractures were thoroughly irrigated
with sterile normal saline and antibiotic solution. Antisep-
tic dressing was done and the affected limb was splinted.
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fter splinting the fractured site, X-rays of fractured limb
ere taken in anteroposterior and lateral views including
oint above and below. The mode of fracture stabilization
epends upon the choice of operating surgeon considering
he condition of wound, radiological assessment and other
elated factors.
Broad spectrum antibiotic coverage was continued
ccording to clinical assessment of wound and according to
ulture/sensitivity.
Thorough debridement and irrigation of wound was done
n operation theatre. All devitalized tissues were excised
nd fragments of bone devoid of soft tissue were removed.
fter initial debridement and irrigation, interlock nailing
rocedure was done on operation table with aid of image
ntensiﬁer.
The antegrade femoral nailing was done, in supine posi-
ion with sand bag under the gluteal region. Supine position
as helpful in the management of other associated injuries
henever needed. Nailing was done without fracture table.
eaming of both proximal and distal portions of medullary
anal was done through the fracture site. Nail was locked
oth proximally and distally. Distal locking was done with
ree hand technique under image intensiﬁer. Intraopera-
ively rotational alignment was maintained by aligning the
inea aspera of both proximal and distal fragments. We tried
o maintain the limb length in all cases by comparing it with
pposite side. Wounds were either primarily closed or left
pen with sterile dressing depending upon the condition of
ound. Further management of wound depends on wound
ondition assessed regularly. Secondary closure was done or
epeated debridement, where required, were done. Split
kin grafting was done when wound was healthy and gran-
lating. No ﬂap coverage was required in any case in our
eries. Vascular repair in cases of open grade IIIC fractures
as done by plastic surgery team.
Postoperative intravenous antibiotics were continued
epending upon the condition of wound, which were then
witched over to oral antibiotics as condition of wound
mproved. Wound inspection was done on third postoper-
tive day and stitch removal was done on 10th to 11th
ostoperative day. Knee and hip mobilization and quadriceps
xercises were started as soon as the patient was com-
ortable. Non-weight bearing/partial weight bearing walking
as started keeping in view the type of fracture, progress of
ealing of fracture and presence of other injuries. Radiolog-
cal assessment was done by taking serial X-rays as needed.
one union was determined by the usual clinical and radio-
ogical criteria.
We considered union to have occurred when radio-
ogically anteroposterior and lateral radiographs showed
ridging of at least three of the four bony cortices and clin-
cally patient was able to walk full weight bearing without
ny pain. Non-union was described when either there was no
rogression of healing for continuous 3months with sclero-
is of fracture ends or there was gap between fracture ends.
nfection was diagnosed when there was purulent discharge
ith positive bacteriological culture.
Postoperatively rotational alignment was checked byooking at the foot progression angle to see any excessive
ntoeing or outtoeing as compared to the opposite foot. Limb
ength of both sides was compared to look for any limb length
iscrepancy.
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Results were analyzed keeping in view rate of healing of
ractures, function of limb and complications.
Statistical evaluation was carried out using analysis of
ariance and one sample t test.
esults
nitially a total of 54 patients with open grade III fractures
f femoral shaft were evaluated. Out of these, ﬁve patients
ere lost to follow-up and in three cases records were found
o be incomplete. Forty-six patients with open grade III frac-
ures were available for ﬁnal evaluation.
The minimum age of the patients in our series was
2 years and the maximum was 58 years with 42 males and
our females. The involvement of right extremity (78%)
as found to be signiﬁcantly higher than that of left (22%)
xtremity. All of the fractures were caused by road trafﬁc
ccidents.
Open group IIIB fractures topped the list with 74% of total
ractures followed by open grade IIIA fractures in 22% of
ases. The study also had two cases (4%) of open grade IIIC
racture of femoral shaft.
Associated orthopaedics injuries were present in 34
atients including lower limb injuries in 24 and upper limb
njuries in 10 cases. Other organ injuries were present in 12
atients including four cases with head injuries, ﬁve cases
ith facial injuries, one case with blunt trauma abdomen
nd two cases with blunt trauma chest.
All of the cases were operated within 12 hours of injury.
wo percent of cases were operated within 0—4hours of
njury, 22% of the cases were operated within 4—6hours of
njury and 76% of the cases were operated within 8—12 hours
f injury.
In this series of 46 patients, four (9%) cases of femoral
ractures had non-union. Two (4%) cases of femoral frac-
ures developed infection both of which were open grade III
njuries. Two (4%) patients had pain at last follow-up which
as grade 2 and grade 4 on visual analogue pain scale. Exten-
ion lag was present in 4% of femoral fractures and ﬁxed
exion deformity was present in 4% of femoral fractures.
wo patients (4%) had shortening of limb which was 1.5 cm
n one and 2 cm in other case. (Table 1).
There was no case of deep vein thrombosis, fat embolism
nd compartment syndrome.
Regarding the management of soft tissue, majority of the
atients were treated by split skin grafting (54%) and that
oo wasmost commonly done for open grade IIIB injuries. Pri-
Table 1 Summary of complications in intramedullary nail-
ing of open grade III femoral shaft fractures.
Complications No. of cases (%)
Non-union 4 (9)
Infection 2 (4)
Pain 2 (4)
Extension lag 2 (4)
Fixed ﬂexion deformity 2 (4)
Deformity -
Shortening 2 (4)
o
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ary suturing was done in six (13%) patients and secondary
uturing was done in 15 (33%) patients.
About 91% of femoral fractures were united within
6weeks. Four (9%) femoral shaft fractures took more than
6weeks to unite and three of these were the cases that
equired bone grafting for union. One patient was not willing
or additional surgery though radiologically gap was visible
t the fracture site at 8months. Clinically patient had pain
t the fracture site. We followed the patient for another
months and fracture was united at 40weeks. Average time
f union for open grade III fractures of femoral shaft was
7weeks. (Table 2).
Bone grafting was done in four (9%) femoral fractures
ncluding vascularized ﬁbula grafting in two (4%) patients
Fig. 1A—D). Indications for bone grafting included gap non-
nion in two cases and the cases that showed no progression
f healing for 3months. Autologous bone grafting was done
ith graft taken from iliac crest. Vascularized ﬁbula grafting
as done along with plastic surgery team. The two cases
n which vascularized ﬁbula grafting was done, were open
rade IIIB injuries with gap of 7 cm and 6 cm due to bone
oss during initial trauma. Vascularized ﬁbula was taken with
eroneal vessels through lateral approach. Fibula was ﬁxed
ith screws to femur and the peroneal artery was end to
nd anastomosed to deep femoral artery in one case and
nd to side anastomosed to femoral artery in other case
sing lateral approach.
In most of the patients, at least 90 degrees of ﬂexion
f the knee and hip was achieved. Ninety-three percent of
ases had knee ﬂexionmore than 90 degrees and 98% of cases
ad ﬂexion at hip more than 90 degrees.
iscussion
pen grade III fractures of femur pose a big challenge in
heir management. The basic objectives in the management
f these fractures are to prevent infection, reconstruct soft
issue defects and achieve bony union. Adequate debride-
ent and early assessment of soft tissue defect is essential
o that appropriate soft tissue coverage can be provided.
There are a number of studies that had used external ﬁx-
tor for deﬁnitive management of open femoral fractures
ith 100% union rate but there were signiﬁcantly high inci-
ence of pin tract infection, malunion, reoperation and loss
f ﬂexion [4,5,9].
There is no study that included only open grade III frac-ures for treatment with intramedullary nailing. However, a
ew studies that had studied the results of intramedullary
ailing in open femoral shaft fractures also included open
Table 2 Time taken for union (in weeks) in various
patients.
Time of union (weeks) No. of cases (%)
20—24 20 (43)
25—28 12 (26)
29—32 6 (13)
33—36 4 (9)
> 36 4 (9)
Open grade III fractures femoral shaft 509
Figure 1 Radiographs showing open grade IIIB femoral shaft fracture with gap approx. 7 cm in a 21 years old male (i.e.). A. Initial
anteroposterior and lateral views. B. Postoperative radiographs with intramedullary nailing. C. Debridement and vascularised ﬁbula
graft 8weeks after trauma. D. Union obtained at 34weeks.
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rade III fractures. Whether an early or delayed nailing
hould be done, has remained controversial.
Lhowe DW and Hansen [7] performed immediate
ntramedullary nailing in 47 open femoral shaft fractures
hat included eight (19%) open grade III injuries. All the
ractures healed within 4months of injury. Infection devel-
ped in only two (5%) of the patients though the study
eported no infection in open grade III injuries. The other
omplications included loss of ﬁxation in four patients
10%), a wound seroma in two patients (5%) and throm-
ophlebitis in one (2%). Late complications were angular
alunion in three (7%), limb length discrepancy in three
7%), external rotation malunion in one (2%), sciatic nerve
alsy in one (2%). Lhowe and Hansen concluded that imme-
iate intramedullary nailing can be accomplished safely in
pen fractures of the femur with an acceptable rate of
omplications, given thorough debridement of the wound,
roper equipment and experienced surgical team is avail-
ble.
Brumback RJ et al. [11] performed intramedullary nail-
ng in 89 open fractures of femoral shaft including 46 open
rade III fractures. Immediate nailing was done in 56 and
elayed nailing in 36. All fractures healed within an aver-
ge of 5.2months. No infection occurred in 62 Grade I,
I or IIIA open fractures regardless of whether immediate
r delayed nailing was done. Of the 27 Grade IIIB frac-
ures, infection developed in three patients, in one after
mmediate intramedullary nailing and in two after delayed
ailing. So according to the authors, if a thorough and timely
ebridement can be accomplished, selected patients who
ave a grade III open fracture may be candidate of imme-
iate intramedullary nailing, depending on the degree of
atients associated injuries, and the extent of disruption
nd contamination of the soft tissues of thigh.
O’Brien PJ et al. [12] published their report regarding
esults of primary intramedullary nailing in open fractures
f the femur. Their study included 60 patients with 63 open
emoral fractures comprising 15 grade III open fractures.
hey reported ﬁve soft tissue and three late deep infec-
ions. There were three non-union and sevenmalunion. They
oncluded that primary reamed intramedullary nailing is an
ffective alternative for the treatment of grade I and II open
emur fractures and for grade III open femur fractures asso-
iated with multiple trauma.
Grosse A et al. [13] treated 115 open femoral shaft frac-
ures by meticulous wound excision and early locked (97)
r unlocked (18) intramedullary nailing. Study included 37
rade III with 32 grade IIIA and IIIB and 5 grade IIIC frac-
ure. All the fractures united, delayed union occurred in
our, three of which required bone grafting. The average
ange of knee ﬂexion at follow-up was 134 degrees. Three
atients had staph infection and needed further surgical
reatment. The study concluded that early intramedullary
xation is safe and efﬁcient method of treating open femoral
haft fractures.
Williams MM et al. [14] did a prospective study to eval-
ate the relative merits of primary versus delayed reamed
ntramedullary nailing in 42 open femoral shaft fractures.
he study included 14 open grade III fractures. Average time
o union was 3.8months. The infection and non-union rate
as 2.4%. Comparison of two groups showed no signiﬁcant
ifference in the incidence of infection, malunion, non-
D
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nion or time to union. The data suggested that primary
eamed intramedullary nailing is an effective treatment
lternative for the patients with multiple injuries, regard-
ess of soft tissue injury, including grade III wounds.
Baixauli F Sr et al. [15] performed interlocked nailing
n 28 open femoral shaft fractures including ﬁve grade IIIA
ractures. None of the patients developed infection or non-
nion. Apart from this, their average time of union was
0weeks. They concluded that reamed intramedullary nail-
ng is safe and excellent treatment option for open femoral
haft fractures.
Giannoudis PV et al. [9] reviewed the management of
pen fractures of tibia and femur. The study compared the
esults of interlocked nailing with external ﬁxation in open
ractures of tibia and femur which showed less infection rate
n nailing group (3.3% in femur) as compared to external ﬁx-
tor group (13.3% in femur), less reoperation rate in nailing
roup (13.5% in femur) as compared to external ﬁxation (17%
n femur) and comparable union rate in both groups.
We reported a non-union rate of 9% in our study and infec-
ion rate of 4%. We reported shortening in two (4%) cases.
hese cases were having gap non-union that was treated
ith vascularized ﬁbula graft.
There are few trials that have compared the reamed and
nreamed nailing for femoral fractures but they have found
o statistically signiﬁcant difference in terms of union rate,
elayed union rate, mean time to union, implant failure
ate, reoperation rate and infection rate [16—18]. As ream-
ng allows the insertion of large diameter nail, it provides
etter stability and lesser chances of implant failure. There
as no case of fat embolism and deep vein thrombosis in our
tudy.
Our results showed good outcome after early reamed
ntramedullary nailing of open grade III fractures of femoral
haft after addressing the soft tissue injury properly. We
ound that the early reamed intramedullary nailing was asso-
iated with low infection and non-union rate and good range
f motion.
There were few limitations with our study. It was a ret-
ospective study and only the patients who were operated
ithin 12 hours of injury were included in study. Other lim-
tations were its small sample size, lack of a control group
nd the heterogeneity of patients.
onclusion
n conclusion, ﬁxation of open grade III fractures of femoral
haft with early reamed intramedullary nailing, after giving
ue respect to the soft tissue injury, gives good results with
roper alignment, good range of motion, short rehabilita-
ion period and acceptable infection and non-union rates.
atient compliance is good, access to secondary soft tissue
nd bony procedure is easy and the need for reoperation is
ess.isclosure of interest
he authors declare that they have no conﬂicts of interest
oncerning this article.
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